Background. In the United States, considerable geographic variation in the rates of culture-confirmed Campylobacter infection has been consistently observed among sites participating in the Foodborne Diseases Active Surveillance Network (FoodNet).
Background. In the United States, considerable geographic variation in the rates of culture-confirmed Campylobacter infection has been consistently observed among sites participating in the Foodborne Diseases Active Surveillance Network (FoodNet).
Methods. We used data from the FoodNet Population Surveys and a FoodNet case-control study of sporadic infection to examine whether differences in medical care seeking, medical practices, or risk factors contributed to geographic variation in incidence.
Results. We found differences across the FoodNet sites in the proportion of persons seeking medical care for an acute campylobacteriosis-like illness (range, 24.9%-43.5%) and in the proportion of ill persons who submitted a stool sample (range, 18.6%-40.7%), but these differences were not statistically significant. We found no evidence of geographic effect modification of previously identified risk factors for campylobacteriosis in the case-control study analysis. The prevalence of some exposures varied among control subjects in the FoodNet sites, including the proportion of controls reporting eating chicken at a commercial eating establishment (18.2%-46.1%); contact with animal stool (8.9%-30.9%); drinking water from a lake, river, or stream (0%-5.1%); and contact with a farm animal (2.1%-12.7%). However, these differences do not fully explain the geographic variation in campylobacteriosis.
Conclusions. Future studies that quantify Campylobacter contamination in poultry or variation in host immunity may be useful in identifying sources of this geographic variation in incidence.
Campylobacteriosis is a common cause of bacterial gastroenteritis in the United States, accounting for an estimated 1.3 million cases annually [1] . Campylobacter infection is not nationally notifiable in the United States; however, the Foodborne Diseases Active Surveillance Network (FoodNet) conducts active, population-based surveillance for laboratory-confirmed cases in selected states [2] . Geographic variation in rates of cultureconfirmed campylobacteriosis has been consistently observed in FoodNet sites. From 1996 through 2006, the mean annual rate of culture-confirmed campylobacteriosis in the California FoodNet site (34 cases per 100 000 persons) was 5-fold higher than that in Georgia (9 cases per 100 000 persons), Maryland (7 cases per 100 000 persons), and Tennessee (7 cases per 100 000 persons) [3] .
Culture-confirmed cases of campylobacteriosis represent a fraction of those that occur [4] . For a culture-confirmed case to be ascertained, a number of surveillance steps must occur: the person must seek medical care, a stool sample must be submitted, the clinical laboratory must correctly test for and identify Campylobacter, and the case must be reported to public health authorities. Because FoodNet conducts active surveillance and routinely audits clinical laboratories, differences in reporting practices are unlikely. Furthermore, a survey of clinical laboratories in the FoodNet sites found that the vast majority (.97%) routinely tested all stool samples for Campylobacter species [5] . Regional variation in Campylobacter incidence may be attributable to differences in the rate of medical care use and stool sample submission, laboratory diagnostic methods, exposure to Campylobacter (eg, consumption of undercooked chicken or raw milk), or immunity [4, 6, 7] .
The aims of this study were to determine (1) whether there were geographic differences in risk factors for campylobacteriosis and (2) whether differences in medical care seeking or medical practices explain the geographic variation in the observed rates of campylobacteriosis in the FoodNet sites.
METHODS

FoodNet
FoodNet is a collaboration between the Centers for Disease Control and Prevention (CDC), participating state health departments, the US Department of Agriculture's Food Safety and Inspection Service, and the US Food and Drug Administration. Surveillance officers routinely contact clinical laboratories serving the FoodNet surveillance area to ensure that all cases of culture-confirmed campylobacteriosis in residents of the FoodNet surveillance area are ascertained. FoodNet began surveillance for Campylobacter infection in 1996 when the surveillance area comprised 5 sites: selected counties in California, Connecticut, and Georgia and the entire states of Minnesota and Oregon (14.2 million persons; 5% of the US population). From 1996 through 2003, the FoodNet surveillance area expanded to include 44.9 million persons at 10 sites.
FoodNet Case-Control Study
A matched case-control study of risk factors for sporadic (ie, not outbreak-associated) Campylobacter infection was conducted during 1998-1999 at 7 FoodNet sites (Connecticut, Minnesota, Oregon, and selected counties in California, Georgia, Maryland, and New York) [8] . Each site enrolled $200 culture-confirmed case patients selected randomly from cases that occurred during the study period. One control subject was selected per case patient with the use of progressive sequential digit dialing. Controls were matched by county and age group (2-5, 6-11, 12-17, 18-39, 40-59, and $60 years). Children #2 years of age and persons reporting international travel within 7 days before illness onset were excluded [9] .
Patients (or a parent/guardian if a patient was ,12 years of age) were interviewed within 21 days after the specimen collection and controls within 7 days after the matched patient. Participants were asked about exposures during the 7 days before the patient's onset of illness, including symptoms, demographic characteristics, recent food and water consumption, and animal exposures.
Geographic Differences in Risk Factors and Their Association With Infection
Exposures of interest for this reanalysis included eating chicken at a commercial eating establishment; contact with any animal stool; drinking water from a lake, river, or stream; contact with a farm animal; and drinking unpasteurized milk. These exposures were associated with Campylobacter infection in the original analysis [8] , and we hypothesized that their prevalence could vary by FoodNet site.
We used conditional logistic regression models that accounted for matching of patients and controls to assess the association between each exposure and campylobacteriosis. Patient and control pairs were pooled into the same stratum [10] . Univariate models were used to examine the association between each exposure of interest and campylobacteriosis for each FoodNet site. To determine whether the association with a specific exposure varied significantly across the FoodNet sites, we combined data across all FoodNet sites and constructed a model that included the main effect of the exposure of interest and an interaction term between the exposure and FoodNet site. A likelihood ratio test was used to determine whether the interaction term was significant [10] . For sensitivity analysis, multivariate models that adjusted for previously identified risk factors [8] and the exposure of interest were constructed.
We also examined the proportion of controls reporting each exposure by FoodNet site with use of a v 2 test to determine whether the exposure varied geographically. When the number of exposed control subjects at a given FoodNet site was ,5, a Monte Carlo simulation procedure of Fisher exact test was used to estimate exact P values for these comparisons [11] . If the overall v 2 test indicated a significant difference across FoodNet sites, a Tukey-type multiple comparison procedure was used to compare the frequency of exposures among controls between specific FoodNet sites [12, 13] .
Geographic Differences in Symptoms
Case-control study data were also used to determine geographic differences in the spectrum or severity of illness among patients with Campylobacter infection that could explain differences in medical care seeking or medical practices. The proportions of patients who experienced various symptoms (diarrhea, abdominal cramps, fever, bloody stool, and vomiting), missed any days from work, or were unable to perform usual activities were calculated for each FoodNet site. A v 2 test was used to determine whether the proportions varied by FoodNet site. If there were ,5 observations at any FoodNet site, we used a Monte Carlo simulation procedure of Fisher exact test [11] . The median and interquartile range (IQR) were calculated for continuous variables, and a Kruskal-Wallis test was used to determine whether the median differed significantly across sites. 
FoodNet Population Surveys
Four cross-sectional surveys of the FoodNet surveillance population were administered from 1996 through 2003. The methodology used has been described previously [14, 15] . In brief, after removing business and nonworking telephone numbers, households were contacted using a single-stage, random-digit dialing technique [16] . A computer algorithm was used to select one household member. All age groups were eligible for inclusion; if a child aged #12 years was selected, a parent or guardian was interviewed about the child's exposures. Approximately the same number of interviews (10 per site per month) was conducted each month. The survey collected demographic characteristics, information about episodes of diarrhea or vomiting in the previous month, and whether ill persons sought medical care or submitted stool samples.
Differences in Medical Care Use and Stool Sample Submission
Data from the 4 surveys were combined. Persons who reported having a chronic illness with diarrhea or vomiting as a major symptom (eg, Crohn's disease) were excluded. For the analysis of medical care use, the dataset was restricted to persons with an acute campylobacteriosis-like illness (ACI; defined as illness lasting $3 days with $1 day with $3 loose stools per 24-hour period) during the month before interview. The ACI case definition was based on the symptoms of the patients in the Campylobacter case-control study. For the analysis of stool specimen submissions, the dataset was restricted to those persons with an ACI during the month before interview who sought medical care. The proportion of survey respondents who reported seeking medical care and submitting a stool sample for testing was calculated for each FoodNet site. Proportions were weighted to account for selection probabilities (ie, number of telephone lines and persons in a household) and to reflect the area under surveillance (by adjusting for the age and sex distribution of the FoodNet surveillance area for each survey year) [17] . A logistic regression model (the SurveyLogistic procedure in SAS [SAS Institute] [18] ) that accounted for sample weights was used to determine whether there were differences in medical care use or stool sample submission practices by FoodNet site. The association between FoodNet site and seeking care or submitting stool samples was determined without adjusting for other factors and after adjusting for survey year.
SAS, version 9.2 was used for statistical analysis; all hypothesis testing and P values were 2-sided using a significance level of .05. The CDC classified this work as public health surveillance, and therefore, it was not subject to institutional review board review.
RESULTS
Differences in Risk Factors
A total of 1042 age group and county-matched case-control pairs were eligible: California FoodNet site (140), Connecticut (237), Georgia (141), Maryland (98), Minnesota (180), New York (81), and Tennessee (165). The response rate varied significantly by site (P , .001), ranging from 47% to 48% in Georgia and California to 65% in Minnesota and Oregon (data not shown). Although there was some suggestion of effect modification of risk factors for campylobacteriosis by FoodNet site, none of the interaction terms was significant when exposures were considered alone (Table 1 ) or in multivariate models that adjusted for other known risk factors for infection (data not shown). There were, however, differences in the reported frequency of exposures of controls by FoodNet site (Table 1, Figure 1 ). The proportion of controls who reported eating chicken at a commercial eating establishment was highest in Georgia (46.1%), a low Campylobacter incidence state, although California (35.7%), the site with the highest incidence, had the second highest frequency (P ,.001). The proportion of controls who reported contact with any animal stool varied from 8.9% in Minnesota to 30.9% in New York (P , .001). The proportion of controls who drank water from a lake, river, or stream varied from 0% in California and Georgia to 5.1% in Maryland (P 5 .001). The proportion of controls who reported having contact with a farm animal (chicken, turkey, cow, goat, horse, or pig) varied from 2.1% in Georgia to 12.7% in Oregon (P ,.001).
Geographic Differences in Symptoms
The only statistically significant difference in symptoms among the 1042 culture-confirmed Campylobacter cases across the FoodNet sites was in the proportion of patients in the casecontrol study who experienced $3 loose stools in a 24-hour period, which varied from 84.2% in Oregon to 99.0% in Maryland (P 5 .004) ( Table 2 ). No differences were observed in the duration of diarrhea, median number of days missed from work, or days that patients were prevented from performing usual activities.
Differences in Medical Care Use and Stool Sample Submission
The 4 population surveys included 50 757 eligible respondents. Of these, 1023 reported ACI during the previous month. There were differences between FoodNet sites in the likelihood of medical care use for an ACI (ranging from 24.9% in Colorado to 43.5% in Maryland) and in submitting a stool sample for testing (ranging from 18.6% in Colorado to 40.7% in Minnesota), but these differences were not statistically significant (P . .05). Adjusting for survey year did not meaningfully change these associations (Table 3) .
DISCUSSION
The reasons for geographic variation in the observed rates of campylobacteriosis across the FoodNet sites remain [3, 4] . Differences do not appear to be attributable to medical care use or stool sample submission practices among persons with ACI across the FoodNet sites. The frequency of exposure to risk factors for Campylobacter infection, including eating chicken at a commercial eating establishment; contact with any animal stool; drinking water from a lake, river, or stream; contact with a farm animal; or drinking unpasteurized milk, also did not differ significantly among sites. Although the proportion of controls exposed to these risk factors varied by FoodNet site, the pattern of variation did not parallel the overall geographic variation in culture-confirmed rates of campylobacteriosis.
Geographic differences in the virulence of Campylobacter strains are unlikely to explain the variation in rates of Conditional logistic regression models (adjusting for county and age group) were used. Where indicated, exact models were used if case or control counts were ,5. FoodNet sites have been listed in order of mean incidence (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) , from highest to lowest, according to Ailes et al [3] . a In 7 days prior to patient's illness.
b Exact odds ratio. culture-confirmed campylobacteriosis, because the clinical picture was largely consistent across sites. The only significant difference was the proportion of patients reporting $3 loose stools per 24-hour period. This proportion was significantly higher at a low-incidence site (Maryland), suggesting that patients with culture-confirmed Campylobacter infection in Maryland have a more severe illness than patients at other sites. However, other studies have not found any differences in the virulence of Campylobacter strains that could lead to differences in illness presentation [19] , indicating that our finding could be spurious. It is also possible that differences in surveillance for Campylobacter infection may have contributed to our finding of a higher proportion of Maryland patients reporting $3 loose stools per 24-hour period. Medical care seeking and medical practices did not vary significantly across the FoodNet sites. The frequency of stool submissions was higher at some sites, although this difference was not statistically significant. Although it was not assessed in this study, it is possible that a state's public health capacity has an impact on physicians' practices. Anecdotal evidence from high-profile foodborne disease outbreaks during the early 1990s suggest that states with strong public health departments were more likely to have physicians who were aware of the importance of testing for specific pathogens [20] . However, because symptoms of campylobacteriosis are similar to those of other enteric diseases, any geographic differences in the frequency of seeking medical care or submitting stool samples might be expected to affect all enteric pathogens and are not likely to be specific to campylobacteriosis. The geographic patterns observed for other enteric pathogens, however, differ from that seen for Campylobacter infection [21] .
Geographic Variation in Campylobacteriosis
Rates of campylobacteriosis .10-fold higher than in the United States have been observed in Iceland and New Zealand. Studies conducted in these countries have implicated consumption of fresh (never frozen) chicken as a risk factor for campylobacteriosis; freezing chicken decreases Campylobacter counts [22] . Tighter control measures have led to decreases in human illness [23, 24] . In Iceland, rates of campylobacteriosis reached 157 cases per 100 000 persons in 1999, increasing after fresh chicken became available [23] . The government in Iceland initiated new control measures, such as monitoring for Campylobacter on poultry farms and requiring poultry from Campylobacter-positive farms to be frozen before being sold at retail. After the implementation of these control Figure 1 . Proportion of control subjects who reported exposure within 7 days before the matched patient's illness, by FoodNet site, in the 1998 FoodNet case-control study of risk factors for campylobacteriosis. The proportion of controls reporting each risk factor does not show the same geographic pattern as the incidence of campylobacteriosis. FoodNet sites have been listed in order of mean incidence (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) , from highest to lowest, according to Ailes et al [3] .
measures, the incidence of campylobacteriosis in Iceland decreased dramatically [24] . New Zealand also recently introduced voluntary programs to reduce the load of Campylobacter on poultry meat, which were followed by a rapid and substantial decrease in campylobacteriosis [25] .
Differences in the occurrence or quantity of Campylobacter on poultry might contribute to the geographic variation observed at the FoodNet sites. A study of processing plants serving grocery stores at the FoodNet sites found that the overall prevalence of Campylobacter was higher at processing plants in the west than at those in the east [26] . However, a companion study quantifying Campylobacter on chicken meat sold in grocery stores did not find any significant east-west variation [26] . Ongoing monitoring of retail meats by the National Antimicrobial Resistance Monitoring System has also found little geographic difference in the occurrence of Campylobacter in retail chicken breast and turkey samples [27] . Variation in practices in freezing poultry meat may be important, because consumption of fresh (unfrozen) chicken has been shown to be a stronger risk factor for Campylobacter infection than consumption of frozen meat [28] , and levels of Campylobacter on poultry decrease when meat is frozen [22] . Notably, in 1993, California instituted a unique regulation that banned labeling previously frozen chicken as fresh [29] ; this regulation may have led to more consumers purchasing fresh rather than frozen poultry products in this state, thereby increasing their potential for exposure to Campylobacter. Future studies that better quantify the relative amount of Campylobacter on poultry and the potential role for geographic differences in cooking practices would be useful.
The role of immunity on the overall epidemiology of campylobacteriosis is not well understood. Specifically, asymptomatically infected patients could have been misclassified in the case-control study as controls, thus masking the impact of risk exposures in the population [6, 30] . For instance, in this analysis, we found that a low-incidence FoodNet site (Georgia) reported the highest frequency of chicken consumption. Chicken eaten outside the home emerged as the largest risk factor in the original analysis, with a population attributable fraction of 24% [8] . It is possible that frequent chicken consumption and, thus, frequent exposure to Campylobacter may confer some level of immunity to symptomatic campylobacteriosis. A British study suggested that the risk for campylobacteriosis from chicken consumption is greater among persons who did not habitually eat chicken, compared with those who were habitual chicken eaters [6] . In addition, immunity to Campylobacter may explain why first-time raw (unpasteurized) milk drinkers developed campylobacteriosis and habitual raw milk drinkers did not after a milk-borne Campylobacter outbreak in Oregon in 1982 [31] .
The present study used data from FoodNet Population Surveys and a FoodNet case-control study, both of which are subject to several limitations. Participants enrolled in the case-control study represented only a fraction (ranging from 24% in Minnesota to 50% in Maryland) of those laboratoryconfirmed cases identified during the study period [8] and may have had different exposures from participants with cases that were not ascertained. In addition, the response rate among patients varied significantly by FoodNet site, although not in a pattern parallel to the geographic variation in campylobacteriosis. However, if patient or control selection or participation were associated in some yet-to-be determined way with exposure status, it is possible that this finding could have impacted our results. In addition, the small sample sizes resulting from stratification by site led to fairly wide confidence intervals and may have contributed to a lack of significant findings despite real geographic variation in risk factors for campylobacteriosis.
Despite the number of years of data (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) included in the analysis, the number of persons who sought care for an acute diarrheal illness was small, particularly when stratified by FoodNet site. Although there appeared to be some differences in the frequency of stool sample submission by site, these were not statistically significant. Site-to-site differences in response rate may also have contributed to these findings; however, the 2002-2003 Population Survey cycle showed no statistically significant differences in response rate by site and data were unavailable for the previous 3 surveys. In addition, if differences in medical care-seeking behavior or stool sample submission practices were a large contributor to the geographic variation in culture-confirmed rates of campylobacteriosis, we would expect to see a similar geographic pattern for other enteric infections [21] .
The geographic differences that we observed in campylobacteriosis rates are likely to be real, rather than surveillance artifacts, and reflect real differences in risk of illness. Understanding those differences, through quantification of Campylobacter contamination on poultry, elucidation of population variance in immunity, or other approaches may yet provide important clues to guide future efforts to reduce the morbidity associated with this common infection. 
Notes
